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NEONATAL RATS ~  °

o7

!_epniler Orme, Douglas H. 'Fayloi RN s

Department of Zoology, Miami University, Oxford, Ohio

R. Dana Laurie, Richard ). Buli® -
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. Chlorine dioxide (C10,), an alternative to chlorine for drinking water disinfection, has

beenimplicated as a poteati
compounds are known to alter néurcbehavioral development, the present study-was
designed to.determine if perinatal exposure o Cl0, affects behavioral activity th rat
pups. The activity cage system was designed to monitor the development of locomator
activity of a litter of pups between ages 14-21 d. Pups were_exposed to CIO, either
directly, by gavaging 14 mg/kgefromage5 (020d, orindirectly via their dams’ drinking
‘water in concentrations of 2, 20, or 100 mg/! from gestation to weaning (21 d post-

" partum). Although the activity of the indirectly exposed group was not different from
contrals, the gavaged group showed significantly depressed acuivity for d 18 and 19
poslpﬁrmm."fhe T, levels of the 21-d-old pups was significantly depressed In the
100-mg/! C!O, group. The gavaged pups showed an even greater T, depression, which
correlates with their activity levels. These data support the hypothesis that CIO, affects
“thyroid function and suggests that aslight dep:ession in T, can resultin developmental
delays. . B 2 . -
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" INTRODUCTION - - l n

.'§> {1

- EFFECTS OF CHLORINE DIDXIDE ON THYROID FUNCTION N -

alami:hyroidagem(B_ercze:al.,m&?j. Secauseantithyroid -

Thyroid hormones are known to influence growth and development

of t\he central nervous system in mammals (Hamburgh:et al., 1965; Sha-
piri, 1971). A deficiency of thyroid hormones during the critical periods
of brain development can lead to permanent neurological and behavioral
~ impairment (Schalock et al.,, 1979). Using a water escape response;

schalock et al: (1979) studied the long-term effects of induced neonatal

~ hypothyroidisminratsand found a decreased performanceon avoidance
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*~ and escape learning, This was attributed to depressed thyroxine levels, -

* desensitizing receptors to.the catecholamines requisite in both avoid-
ance and escape learning (Latare and Schacter, 1972). | = R

In ancther study designed to monitor rat pup activity and the emer-

- gence of a home orientation behavior, Hamburgh et al. (1977) obscived -
that these parameters were depressed in the hypothroid pups. This test
monitored the deZelopment of orientation responses to the.home nest.
On d 14 postpartum, 85% of the control pups had opened their ejles and

- oriented to the home nest, The hypothroid pups were less active and did
not display this behavior until d 18 postpartum, which corresponded with
their age of €y%-opening. . : _ ' ) '

Several studies have shown that”hypothyroid neonates exhibit
decreased neural'vascularization, delayed myelinogenesis and synapto-
genesis, and decreased body and: organ weights (Oklund and- Timiris,

. 19777 Hamburgh et al., 1977; Kikuyama et al., 1974; Balazs et al., 1969;

- Eayers, 1954). Altered thyroid function may be attributed to a number of. _
factors, including genetic dissiders, malfunction of the adenohypophy-
sis, or the exposure to chemicals that affect synthesis of thyroid hormones, -

Chlorine dioxide (ClO,) has been proposed for use as an alternative to
chlorine for the disinfection of drinking water. In a recent study that
involved exposure to various concentrations of ClO, in drinking water,

~Bercz-et al. (1982) reported that monkeys in the high-dose group (100 -
mg/l; 9 mg/kged) showad depressed throxine levels. Because antithy-
raid compounds are known to alter neurabehavioral development, the
present study was designed to determine if perinatal exposure to CIO, )

 affects the thyroid and behavioral activity of rat pups. Pursuit of this- *
problem was felt {» -e important because current practice in drinking

r

water disinfection|. :¢d1d suggest that residuals_ 0§0.5-2.0mg ClO,/lcould

.
}

be present in drinking water.
o . -

METHODS

‘Spraque-Dawley rats were exposed .either directly or indirectly t¢
ClIO; invdrinking water. Litters born to the exposed and unexposed
“femdles were culled to 8 male pups at parturition. An excess numﬁer of
. exposed and unexposed females were bred in order to obtain a quorum
 of litters consisting of at least 8 male pups. At 10 d of age (postparium),
litters were placed in ciges designed to measure locomotor activity...
Upon weaning, pups were removed from these cages and serum samples

were callected to assess thyroid function.

Direct Exposure
a

PUps born te unexposed dams were administered CIO, by oral gavage,
A daily dose of 14mg/kg was given from age 5 to 20 d postpartus’s®.
Controls received-a‘comparable amount of distilled water. Pups were  °

- . weighed weekly and age of eye openingfwas noted. Tt
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CHLORINE DIOXIDE TOXICITY IN NEONATAL RATS
= t ¥ I @ '
- Indirect Exposure o _ T
s Sixty-d-old fZnales were given ClO, at 2, 20, or 130-mg/l, or propyl-
 thiouracil (PTU) at 5 mg/| as a positive control, in their drinking water
~from 2wk prior to mating until the pups were weaned at 21 d of age. PTU,
a well-known antithyroid compound, was used strictly for comparative < -
. purposes with respect to neonatal hypothyroidism. Controls received
distilled water. Dam food and water consumption as well asda mand pup §
body weixhti were monitored weekly. Age of eye opening for pups was
.also noted. o : : -

4,
Behavioral Measurements

N ' i N ‘

. The testing system described by Crofton et al. (191)!0) is designed to
measure locomotor activity between the ages of 10 and 21 g:l The unit of
measurement i this:system is the activity of individual litters. Litters are
housed in a cage (31 X 36 X 17.5 cm) in which the danvis restricted. Litter
activity is measured when pups cross into a smaller compartment (17 X 27

' X 15 cr) through small connecting holes and break the path of a.photo- ..

~ beam. Litter activity is monitored continuously for 70 d by an HP 9825 T
computer, which recrds the data at 10-min intervals. Data from the

- activity cage was analyzed-by'total daily activity for each day between 14
and 21 d postpartum:. . '

Thyroid Function

Thyfi)id function was determined in damand pup serum in the indi-
rectly exposéd animals and controls and from pup serum in pups receiv-

" ing the direct exposures by triiodothyronine (T,) and thyroxine (T,)
radioimmunoassiys (Corning Medical and Scientific; Medﬁg!d, Mass.). -

‘Blood sdmpies were collected from dams by cardiac puncture and from

pups by decapitation. Serum, separated' from the samples, was frozen

.prior to analysis.

f Statistical Analysis . - SR . _ L
Statistical analysis of all data was conducted using Statistical Analysis
System analysis of variance (SAS ANOVA) procedures. -
. < The datafor the activity cages were analyzed by total daily activity and
by light and dark photoperiods separately. The mean count for each
photoperiod for each day (between age 10 and 21 postpartum) as well as
the mean count per hour for e4ch day were compared by ANOVA. The
litter-was the unit of comparison for.each measurement (i.e.; body weight,

eye opening, activity, and T,and T, levels). - : e

RESULTS

. inthe éxperiment where dams were exposed to CI0, o PTU through
* their drinking water, there were no statistical differences in dam body .
: 'Eweighpt. No differences were seen in the weights of pups born to CiO,- -

£
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TOTAL ACTIVITY

¥ E i

o I L TR T v
) *AGE (OAYS) _ T -
‘FIGURE 1. Litter activity for pups indirectly exgésed throngh dams’ drinking water. Cantrol, n =13
litters; 2 ppm ClO}, n=16; 20 ppm CIC,, n = J6; 100 ppm ClO,, n=15; 5 ppm PTU, n =10,

exposed dams (indirect expesure regime); however, significant differ-
ences were observed between control and PTU-exposed pups. Pups
- indirectly exposed to PTL!.weighed significantly less (p<0.01) that con-
trols from 14 to 21d of age. On d 14 the mean pup weightfor the PTU pups
. Was19.6g,as opposed to 30.5 g for the controls. The PTU animalsweighed
. 21gbyd21, while the control animals weighed an average of 49 g. Maan.
‘pup weights for the ClO,-gavaged pups were also significantly less
(p<0.05) than control animals from 14 to 21 d of age; however ihis
depression was not as severe as in the PTU exposure. Mean weights were
20 and 24 g foi ClO, and control pups, respectively, on d 14 postpartum.
On d 21 the CIO, pups weighed 31 g, compared to 46 g for the co::!rois.
The age of eye opening (14-15 d postpartum) was not different between
control and CiO,-exposed pups for either route of exposure. PTU pups,
- however, were significantly older (17-18 d) when they openid their eyes.
The activity levels for the pups indirectly exposed ClO, at 100 mg/|
were consistently lower than controls; however, these differénces were
not significant (p=0.08; Fig. 1). The degree of variability between control*
litters may be responsible for the nonsignificant results. Pups exposed
indirectly to PTU showed significantly depressed activity levels (p<0.01)
throughout the experiment. _
~ The pups directly exposed to.ClO, showed asigrificant depression in
total activity levels for d 18 and 19 postpartum (Fig. 2; p<0.05). Total
activity levels on d 18 were 500 + 136 counts for the ClO, group, as
compared to 740 - 79 total counts for the controls. A similar difference
continued through d 19 when the CIO, pups registered 750 £ 47 counts
fro the day while controls had slightly aver1000 + 58 counts. 8y d 20 the
~ difference:between the groups was reduced to less than 100 counts, -
o Serum levels of thyroid hormones were affected by both direct and -
indirect exposure to ClO,. In the case of the‘indirect exposure to ClO,at *
2100 mg/l, T, levels were significantly depressed and T, levels were signifi-
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* CHLORINEDIOMIDE TOXICITY IN NEONATALRATS
3 '

[

& COMTROL
6 L1027 34 my/hg/d

-

TOTAL ACTIVITY

7. W W 2
FIGURE 2. Liuter activity for pups exposed diréctly by gavage, Contrel, n = 15; ClO,, n= 18,

Y
Lok

antly elevated"(Fig. 3). Ditect exposure to ClO, by gavage also signifi-
cantly depressed T, levels {Fig. 4). A-much greater depression.of T,and T, ~~
was observed (p<0.01) in pups exposed indirectly to PTU. In no case, .
including PTU exposure, were serum levels of T,and T, affected indamsati.. . .~
the end of the experiment (d 21 postpartum), =~ =

, . Figure 5 illustrates the relationship between serum T, levels in 21-d~
old pups a:id their activity measured in the smaller compariment of the
activity cage at 20 d postparium for all treatments. The T, levels are shown
to be directly correlated with activity levels {r= 0.965).

T - n :

DISCUSSION h .

Neonatal hypothyroidism is classically defined by depressed thyroid
hormone levels, and can be further characterized by delayed eye open-
.ing and decreased body weights and activity (Schalock et al., 1979; Ham-
burghetal.,1977; Eayers, 1971; Shapiro, 1971). These characteristics were
clearly evident in the PTU-exposed. pups, which also exhibited other
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‘ _ . CI02 TREATMENTS )
FIGURE3. Meanserum T,and T, levelsior pupsindirectly expcsed to CIO,. Openbarsare Ty; closed”
bars are T,. Means sharing the same letters are not statistically dit{erent. b
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- . CONTROL. €102 14 mgrngrd
EL.-> o TREATHENT -
RGURE4. Mean serum T,and T, s+ 107 pups gavaged with CIO,;Open bars are T} closed barsare

~. Means sharing th2 same letters »-¢ aot significantly differen;, T
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c-etinoid attributes such w Jiecreased body size, tremors, and uncooidic
rited body movements (\ hwark 1978). RS
_Not all-of thesé chara teristics were exhibited by thé neorataf rage
exposed directly or induvctly to ClO,. The directly’ exposed group
s~owed decreased body weights, depressed locomotor activity, and -
czpressed-T levels. The youp indirectly exposed to ClO, at 100 mg/|
evhibited depressed activ v (although not statistically significant) and
s'gnificantly depressed T, v els. The significantly lower T, levels in these
€-Jups and altered locom.or activity levels indicate a distinct hypothy-
ra'd effect. The increasedd vifect on the directly exposed group is more
iinely due to the increased Jvsage of ClO, as compared to the indirecily
exposed group. C) N\ N “ o
Thyroxine (T ) deficiens \_.nhibits the syathesis of growth horimone
‘A-auyama et al., 1974) and Jepresses protein synthesis and DNA and RNA
1&.els in the developing 1.4 cortex and cerebellum (Pasquini et al., 1967;

129 . ppa PTU
" 14 am/kg/d ClOy
1 ppa CI0R
o apa ClGs
< spm CiDg
cnerel

Control? ', -

ACTIVITY

‘ & %0
_i__,,m,\' o i T4 (ug/dl) ‘
\._+rdES, Corcelationbetween T, fevws itrom 21-d-old pups) and total aculvity levels (asa percent of
conols. gf 20%d-olr piias. P o
’ 1; \J '

n\rﬁié’é@r@ii?i‘iNALl DIOXCIDE INC.
136 CENTRAL AVENUE
C&RK_,WEW JERASEY 07066

£t

i/ = : <
R AT TN T P

By

e




s

 CHLORINE DIOXIDE TOXICITY IN NEONATAL RATS

&

. e . : o e s
Balazs et al., 1977). Thése events delay the maturation of neuronal and
glial cells in the neonatal brain, involving cell:proliferation, migtation,
and differentiation (Bass et al., 1977; Coulombe'et al., 1980). The absence
or insufficiency of thyroid hormenes during this time can lead toirrevers- |
" ible damage to the developing nervous system, which can leid to be-
havioral impairments (Eavers, 1971). Therefore behavioral studies-are a
valuablé’means of assessing the functions of the nervous system and, in
. particular, the evaluation of motor skills (Baldzs et al., 1977). _

The differences in activity beginning at d 15 postpartum correspond
with the age of eye opening (Hamburgh etal., 1977). While there were no
differences between the age of eye opening for the ClO, exposures, the
PTU group was significantly late in opening their eyes, contribtiting to
their delayed locomotor activity development. . e

Results from this study show a highly significant correlation between
locomator activity and T, levels, This-suggests that even subtle depres-
sions of thyroid function may have significant efiects on neurobehavioral
development. The mechanisms by which ClO; affects thyroid function
remain unclear. The elevated T, and depressed T, levels seer: in the
100-mg/t C1O, group suggests an alteration in the availability of jodide.
Availability of iodide for this purpese could be affected by a nuraber of
factors involved in T, and T, biosynthésis. These include the impairment
of iodine absérption in the gastrointestinal tract, inability of the thyreidto .
concentrate iodide from the blood, impairment of the pituitary thyroid ~
hormonal feedback mechanism, or interference with the peroxidase
system needed for iodination and organification of T, and T, constituents.

It is unlikely that ClO, acts.directly on the thyroid. Upor ingestion,
ClO, is rapidly metabolized to CIO,- and ClO;-. However, Bercz et al.
(1982). have previously shown that these metabolites do not depress T,
levelsin thé monkey. So the CIO ~thyroid relationship remrains a compli--

. cated one and may involve organic reactions of by-products of ClO,
i+ within the gastrointestinal tract. ‘ '
%" -Itshould panoted.that the effects of CIC,and PTU on thyroid function
' -seen in the indirectly exposed pups was produced in the absense of any
measurable depression of T,and T, in the dam. Therefore, it appears that .
thyroid function of a neonatal rat is mere sensitive to the antithyroid...-
effg-‘::s“of these agents than is that of the adult, ' '

s /
Y L . :

REFERENCES ' ,. 0

Balizs, R. B., Brooksbank, 8., Davidson, A.,and Wilson, D. 1969. The effect of nzonatal thyroldectomy
on myelination in the rat brain, Brain Res, 15:219-232, . W

Bass; ., Pelion, E., and Young, E. 1977, Defxctive maturation of cerebral cortex: An inevitable

¥ ronsequence of dysthyroid states during early postnatil life. In Thyroid Hormones and Brain .
Development, ed. G. Grave, pp. 199-210, New Yerk: Raven. H

-
Sty

-

1 :f“RNATIdNAL DhoxCIDE_.N‘C: 7 FREST YTTATT
N 136 CENTRALAVENUE - BEST "llll}lt COPY
L ARK,,NEW JERSEY 07636

Y

iy




Bercz.l P., Jones, L., Game:. L., Murray. D, Ludwis,D :nd Baston, . 1982. Subchronic loxidtyq
chlorine dioxidie and related compounds in drinking walerlnlhe non-human primare, Euv[mq!
Healih Perspect. 46; 4755,
_ Coulombe, £.; Ruel, }.,and Dussalt, ). 1980. E“emof nennatalhypcthmidismand hypenhyroldismq\ '
pituitary growth hormone content in the rat. Endocrinology 107: 2027-2033. 3
Croﬂon,K Taylor, D. H., Bull, R. J., Sivulka, D., and Lyikenhoff, S. 1980. Developmenta) delayﬂn
.ekploration an locomotor activity in male rats axposed to low levels lead. tife Sci. 226:823-831,"
aners.j 1954, The vascularity of the cerebral cortex in normal and cratin rats. J. Anat. 86:16¢-172, -
. Eayers, J. 1971, Thyroid and daveloping brainJAnatomical and behavioral effects. In Hormonesing -
; . Development, eds. M. Hambu:gh and’ £ Bminston, pp. 345-355. New York: Appleum-*
"1 Century-Crofts. - °
Hamburgh M., Lynn,E,, and Weiss, E. 1965. Ana{yslsonthemiluenceof Ihymid hurmane on ptenaul }
o «  and e halai maturation of the rat. Anat. Rec. 150:147-162. °
* Hamburgh, M., Mendoza, L., Bennet, L., Kruga, P., Kim, Y., Kahn, R., Hogreff, K..and Frankfun.ﬂ. .
. 1977. Some unresolved questions in the Srain thyrold relationship. In Thyroid Hormones and -
_Grain Development, ed. Gi. Grave, pp. 49-72. New Yark: Paven. }
Kllruyama. a.,Nagasawa. H,, Yanai, R.,and Yamanouchi, K. 1974, Effects of prenatal hypothroidismon |
_ Myuiitary secretion of growth hormone and prola. Shrvin eats, ). Endocrinol. 62:213-223, 1
“Latérg, B., and Schacter, $. 1972. Adrenaline-and avoidance learning. /. Comp Physiol Psychd.
65:369-372.
Cklund, S., and Timiris, P, 1977. Infiuence of thyraid levelsin brain omagenesisinvlvoand in vuro.ln
Thyroid Hormones and Brain Developmeat, ed. G. Grave, PP- 33-49. New York: Raven, :
Pasquini, I., Kaplun, B., Gareiu-Argiz, C., and Gomez, C. 1967, Hormonal regulation of brain develop-
ment. |. The effect of neonatal ihyroidectomy upan nucleic zcids, protein synthesis..and two
enzymas in developing cortex and cerebellum of the ral. Erain Res. 6:621-634. ¢
Schalock, R., Brown, W., and Smith, R. 1979, Long 1erm effects of pmpyllhlouradl induced necnatal
hypothyroidism. Dev, Psychobjol. 12:187-199. a
Schwark, W, 1978, Cretinism, modet no. 133. In Handbook: Animal Models of Human Disease, fau:.?
€ds. T. C. Jones, D. B, Hackel and G. Mlgakl P 4 Armed Forces Innhu!- of Pathology,
Washington, D.C.
Shapira, S.1971. Hormional and environmental irfluenceson mbraindeve!opmemandhehavlor.!n S

Brain Development and Behavior, eds. M. Sterman, D, McG-my. and A. Adinolfi, pp. 307-33.
New York: Academlc.

- RecewedMayi‘? -’MI:.»
NTERNATONAL DIOXCIDE NG, - Accepedluly 240506

155 CEMTRAL AVENUE 's

CiLARK, NEW JERSEY 07086

3
£-
4
A
‘3
4

-

:
4
Ny




C,

S

T"xe active ingredient in AN’I.‘HIUM DIOXCIDE, 5% stabilized * - \
chlorine dioxide is sodium chlor/ite. The more Cl0z is
evolved the lowes the pH : - o

Lo Pups exposed indirectlyi\.fs—, 2,20- or 100 mg/l of 0102 in their

drinking water showed n;o diff erence in activity’ compared to

the controls. Gavaged rats (at 14 ng/kg.) showed depressed

. activi.ty for day 18 and 19 postpartum. -

Infrestion or absorption from our products in approved uses -
w,u.l be very low or nil compared to these dosages.
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